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Abstract 
The kiwifruit or Chinese gooseberry represents an important horticultural crop in New Zealand, Italy, and China and 
nowadays, there are concerns regarding this culture in Romania, for instance the mild microclimates where peach, apricot and 
almond trees grow. The interest for this culture increased worldwide with consumer acceptance of kiwifruit, having in view 
health benefits associated with its consumption: source of antioxidants, decrease of lipids in blood, improvement of 
gastrointestinal laxation. The research conducted at UASVM Bucharest greenhouse was designed as a trifactorial experiment 
(factor a = cultivar/hybrid, factor b = fertilization system, factor c = substrate) with the aim to investigate the effects of 
nutrient solutions application on mineral nutrition of Actinidia deliciosa. It were used two types of substrates formulated from 
manure, peat, fallow soil and sand in different ratio and the biological testing material was represented by cultivars 
‘Hayward’, ‘Tomuri’ and hybrid AD-20 varieties from kiwi plant collection of the Faculty of Horticulture. Repeatedly, every 
20 days it were applied nutrient solutions (Coïc - Lesant and Cesneacov) and after 90 days from rooting cuttings plantation 
were performed biometric measurements and were collected leaves for chemical analyses (total forms of nitrogen, phosphorus 
and potassium). The results indicated that accumulation of macroelements in kiwi leaves varied according to the kiwi 
cultivar/hybrid meanwhile application of nutrient solutions on to substrates generated significand differences. 
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1. Introduction 
Originally grown in mountainous regions of China, kiwi belongs to Actinidia genus and it is derived from a 
deciduous, woody fruiting vine. Actinidia species are perennial and present vigorous growth and has climbing 
and strangling characteristics (Cangi et al., 2006).  
Actinidia is a unisexual plant (has separate pistiliferous flowers - female and staminiferous flowers - male) and 
the resulting fruits are various shaped berries, brown coloured and covered or not with stiff fine hairs. Kiwi fruits 
may have different colours from bright green to red and weight from 60-70 g to 90-200 g (Peticila et al., 2012). 
Worldwide, kiwifruit represent a minor crop amounting 0.2-0.3% from total fresh fruit production (Testolin et al., 
2009). Only four species of Actinidia are of interest with the purpose of fruit production: chinensis (golden 
kiwifruit), deliciosa (green or fuzzy kiwifruit), kolomikta and arguta (baby kiwifruit) (Peticila et al., 2012). 
In ancient times, in China, kiwifruit was a remedy for a various health disorders (digestive disturbances, 
rheumatism, and dyspepsia) and in the recent past has gained worldwide popularity since consumers associated 
the consumption of kiwi fruits with potential health  effects (source of antioxidants, decrease of lipids in blood, 
improvement of gastrointestinal laxation) (Singletary, 2012).  
Kiwifruits presents high nutritive and medicinal values being a great source of vitamin C equalling that of five 
lemons (Ferguson, 2011), minerals (Na, K, Ca, Mg, Mn, Fe, Cu, Zn) (Çelik et al., 2006; Jesion et al., 2013) and 
organic hydroxiacids that are involved in the acid-base balance of the body.  
Regarding agrochemical demands for Actinidia culture, it is demonstrated that needs to be grown on clay and 
sandy soils built on drifty and permeable in depth layers with good supplies of organic matter. The optimum 
range of soil pH must be between 5.5-7.0, higher values producing undesirable effects that are connected with 
chlorosis (Peticila et al., 2012). It is known that among deciduous fruit plants, kiwifruit (Actinidia deliciosa) is 
one of the most susceptible to iron chlorosis (Rombolà et al., 2000). 
One of the most important factors that are correlated with yield and quality of kiwifruit is represented by 
fertilization. Therefore, there are studies (Pacheco et al., 2008) that present experimental results which show that 
fruit yield was affected by the level of nitrogen and potassium fertilization. So, the highest marketable yield was 
obtained with 60 kg N/ha and 135 kg K2O/ha. Also, it was observed that higher level of nitrogen and potassium 
(90 kg/ha, each) caused a fruit yield decrease of 30.4%. 
Even if kiwifruit represents an important horticultural crop in New Zealand, Italy, and China nowadays there 
are interest regarding this culture in Romania, for instance the mild microclimates where peach, apricot and 
almond trees grow. Actinidia arguta it has been proved to be more resistant at low temperatures and due to this 
behavior, may be cultivated in almost all the regions of Romania (Peticila et al., 2012). 
We report herein the results of a research carried out at UASVM Bucharest greenhouse with the aim to 
investigate the effects of nutrient solutions application on mineral nutrition of Actinidia Deliciosa. The 
experiment was designed as a trifactorial one (factor a = cultivar/hybrid, factor b = fertilization system, factor c = 
substrate). It were used two types of substrates formulated from manure, peat, fallow soil and sand in different 
ratio and the biological testing material was represented by cultivars Hayward, Tomuri and hybrid AD-20 
varieties from kiwi plant collection of the Faculty of Horticulture.  
2.  Research methods 
2.1. Substrates, plant material and nutritive solutions composition 
The rooted cutting was planted in 14 L pots in two different substrates, as it follows: 
a) substrate 1 – 50% manure + 20% peat + 20% fallow soil + 10% sand; 
b) substrate 2 – 40% manure + 50% fallow soil + 10 % sand. 
The main agrochemical characteristics of the substrates and substrate components are presented in Results and 
Discussion section. 
The biological testing material was represented by cultivars Hayward, Tomuri and hybrid AD-20 varieties from 
kiwi plant collection of the Faculty of Horticulture. Repeatedly, every 20 days it were applied nutrient solutions 
(Coïc - Lesant or NS1 and Cesneacov or NS2) (Table 1) and after 90 days from rooting cuttings plantation were 
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performed biometric measurements and were collected leaves for chemical analyses (total forms of nitrogen, 
phosphorus and potassium). 
 
Table 1. Nutritive solutions composition 
 
 
 
 
 
 
 
 
 
 
 
 
2.2. Substrate agrochemical characterization and plant analysis 
The initial agrochemical characterization of the substrate and its components (at M0 – June) was made by 
assessment of pH, soluble salts, soluble forms (1:5, v/v ratio) as nitrate, ammonium, phosphorus, potassium 
(table 2).  
During the experiment (M1 – September) were characterized the substrates (Table 3, Table 4). In order to 
establish the absorption rate of nutritive ions, were collected leaf samples and it were achieved total forms of 
nitrogen, phosphorus and potassium using acknowledged methods (see Analytical methods and techniques 
section) (Tables 5-7). 
2.3. Analytical methods and techniques 
Analytical grade chemicals were used throughout the study without any further purification.  
a) Substrate analyses 
The pH values were assessed through potentiometric method in water suspension (1:5), meanwhile soluble 
salts contents were determined in water extract (1:5) by conductivity method. Soluble form of nutritive elements 
were determined using aqueous extracts (1:5), as it follows: phosphorus contents were evaluated by 
spectrophotometric molybdenum blue method, nitrate and ammonium species were assessed by 
spectrophotometric means also, using phenoldisulfonic acid and Nessler reagent, respectively. Potassium was 
achieved by flame photometry. 
b) Plant analysis 
Leaves samples were collected and washed with distilled water in order to eliminate the air pollutants. Plant 
samples were dried in a drying oven at 105oC and then were mineralized with a mixture of H2SO4 and H2O2 (2:5, 
v/v, Digesdahl Hach method). 
Total forms of N, P, K were determined using Kjeldahl method, spectrophotometric by molybdenum blue 
method and atomic emission spectrometry, respectively.  
3. Results and Discussion 
3.1. Substrate characterization 
The main agrochemical characteristics of the substrates are presented in tables 2-4. 
Nutritive solution 1 (NS1)  
Coïc - Lesant 
Nutritive solution 2 (NS2) Cesneacov 
Salt Concentration 
(g/L) 
Salt Concentration 
(g/10L) 
(NH4)2HPO4 
KNO3 
HNO3 
Ca(NO3)2·4H2O 
Mg(NO3)2·6H2O 
(NH4)2MoO4 
H3BO3 
MnSO4·5H2O 
ZnSO4·7H2O 
CuSO4·5H2O 
Fe-EDTA 
0.145 
0.625 
0.350 
0.127 
0.180 
0.050 
1.500 
2.000 
1.500 
0.250 
0.600 
NH4NO3 
KNO3 
(NH4)2HPO4 
MgSO4 
3 
5 
3.5 
3 
Salt Concentration 
(mg/L) 
H3BO3 
ZnSO4 
FeSO4 
MnSO4 
CuSO4 
140 
100 
250 
100 
100 
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Table 2. Initial agrochemical characterisation of substrates and substrate components used in the experiment (M0) 
Analysis 
 
Component 
pH Soluble 
salts 
Concentration (ppm) 
 (%) NH4+ NO3- PO43- K+ 
Manure 7.30 0.794 70.5 333.0 115.0 1950 
Fallow soil 6.17 0.144 33.5 51.0 15.3 200 
Peat 6.42 0.289 20.0 159.2 3.0 35 
Substrate 1 6.78 0.375 33.5 188.7 27.0 655 
Substrate 2 6.91 0.303 27.5 150.0 28.8 505 
Limits for substrates 
 
6.51-6.80 0.3-0.7 >131  
(ΣNH4++ NO3-) 
21-35 >161 
Interpretation 
 
very slightly 
acidic 
high vey high very 
high 
very 
high 
                                                           (limits and interpretation for substrates, after Davidescu et al., 1978) 
 
Table 3. Agrochemical characterisation of substrate 1 at moment M1 
Cultivar 
/hybrid 
Variant pH Soluble salts 
(%) 
Concentration (ppm) 
  NH4+ NO3- PO43- K+ 
 
Hayward 
Control 7.96 0.158 <DL <DL 15.4 375 
NS1 7.44 0.390 <DL 272.5 22.2 770 
NS2 7.42 0.390 7,25 237.5 23.7 710 
 
Tomuri 
Control 7.73 0.274 <DL 91.0 20.6 565 
NS1 7.50 0.303 <DL 198.2 20.7 645 
NS2 7.18 0.563 <DL 457.5 16.6 1105 
 
AD-20 
Control 7.84 0.404 <DL 282.5 17.9 835 
NS1 7.63 0.132 <DL 103.2 25.6 555 
NS2 7.45 0.390 <DL 355.0 21.2 905 
<DL – lower than detection limit of the method 
 
Table 4. Agrochemical characterisation of substrate 2 at moment M1 
Cultivar 
/hybrid 
Variant pH Soluble salts 
(%) 
Concentration (ppm) 
  NH4+ NO3- PO43- K+ 
 
Hayward 
Control 8.07 0.341 <DL 158.0 10.9 675 
NS1 7.38 0.427 <DL 294.0 21.3 805 
NS2 7.67 0.433 <DL 164.7 29.5 700 
 
Tomuri 
Control 7.58 0.670 <DL 455.5 21.1 1680 
NS1 7.77 0.346 <DL 202.2 26.8 700 
NS2 7.59 0.260 <DL 133.7 22.4 565 
 
AD-20 
Control 7.70 0.260 <DL 99.0 23.3 555 
NS1 7.40 0.375 <DL 250.5 23.3 835 
NS2 7.74 0.780 <DL 526.5 21.5 1925 
<DL – lower than detection limit of the method 
 
The analysis of the substrates at M1 revealed the absence of ammonium and high levels of nitrates in 
comparison with the initial moment (M0). This situation appeared due to systematic application of nutritive 
solutions (NS1, NS2) that contained 8-10 g NO3-/L (as average). 
Phosphate content in substrates at control variants (unfertilized) remained classified as high content, the effect 
of nutritive solutions application not being associated with an increase of phosphorus in the substrate. 
3.2. Accumulation of macroelements (N, P, K - total forms) in kiwi leaves 
a) Nitrogen accumulation 
In the case of nitrogen accumulation in kiwi leaves, the variance analysis indicates a significant influence of 
substrate (Table 5), with superior values in the case of substrate 1 (50% manure + 20% peat + 20% fallow soil + 
10% sand) in comparison with substrate 2 (40% manure + 50% fallow soil + 10 % sand). The presence of peat 
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(substrate 1) influences the water retaining capacity and offers a better humidity in the substrate, this providing a 
favorable water-air regime for root ionic absorption of nutritive elements.   
 
Table 5. The influence of cultivar/hybrid, fertilization system and substrate on nitrogen accumulation in kiwi leaves 
N, % 
                       C-substrate                 
B-fertilization 
c1- substrate 1 c2- substrate 2 
a1 - Hayward 
b1- control (unfertilized) a2.83a b1.97b 
b2-NS1 b2.54a a2.15b 
b3- NS2 b2.68a a2.09b 
a2 - Tomuri 
b1- control (unfertilized) a2.64a b1.93b 
b2 - NS1 a2.63a a2.09b 
b3 - NS2 a2.66a a2.03b 
          a3 – hybrid AD-20 
b1- control (unfertilized) c1.93a b1.85a 
b2 - NS1 a2.66a b1.96b 
b3 - NS2 b2.44a a2.39b 
                         DL 5%                       DL1%                      DL0.1% 
BxAxC             0.14*                          0.20                          0.28 
CxAxB             0.15*                          0.21                          0.29 
*Interpretation of the results were made according to DL 5% 
 
The fertilization system influence on nitrogen accumulation is not significant for Tomuri and significant for 
Hayward and AD-20 grown on substrate 1 and significant for all kiwi varieties grown on substrate 2. 
The differences are given by unfertilized variant (control) and applied nutritive solutions but also by substrate. 
So, in the case of Hayward, the nutrition intensity with nitrogen is recording the highest values (2.83%N) at 
control variant meanwhile the applied nutritive solutions do not present positive effect on nitrogen accumulation 
in kiwi leaves.  
At AD-20 hybrid appear significant differences when nutritive solutions are applied on substrate 1, with 
values of 2.66% for fertilization with solution 1 (NS1). Concerning substrate 2, the variance analysis indicated 
that fertilization influences the nutrition intensity and as consequence, nitrogen accumulation are superior to that 
of control variant for Hayward and Tomuri cultivars and AD-20 hybrid. 
Nitrogen content in Actinidia deliciosa leaves was found by some researchers (Chauhan et al., 2010) as 2.97%. 
Also, nitrogen content in kiwifruit leaves from plants grown in Greece (Jastas et al., 1997) ranges between 2.00-
2.60% N, meanwhile the same parameter after monitoring during  three consecutive growing seasons for kiwi 
plants cultivated in New South Wales was 2.74-5.07% N (Cresswell, 1989). 
b) Phosphorus accumulation 
The influence of fertilization and cultivar/hybrid grown on the same substrate on phosphorus accumulation in 
kiwi leaves is significant (Table 6). The intensity of nutrition with phosphorus is maxim (0.85% P) in the case of 
Hayward fertilized with nutritive solution 2 (NS2) grown on substrate 1 and for control variant grown on 
substrate 2 is 0.61% P. 
The variance analysis indicates for phosphorus accumulation significant differences given by substrate type 
with values superior to those obtained for substrate 1 where is observed a better absorption of phosphate ion. At 
Hayward control variant and for Tomuri fertilized variant with nutritive solution 1 (NS1) exhibited not significant 
differences given by substrate. 
Phosphorus content in kiwi leaves was found higher than some literature studies (Chauhan et al., 2010) where 
phosphorus content is 0.26% P. 
Phosphorus content in kiwi leaves found by Jastas et al. (Jastas et al., 1997) ranges between 0.16-0.25% P, 
meanwhile phosphorus levels in kiwi leaves after long-term monitoring was 0.44-1.00% P (Cresswell, 1989). 
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Table 6. The influence of cultivar/hybrid, fertilization system and substrate on phosphorus accumulation in kiwi leaves 
P, % 
                        C-substrate              
B-fertilization 
c1- substrate 1 c2- substrate 2 
a1 - Hayward 
b1- control (unfertilized) a0.75a a0.61a 
b2-NS1 a0.77a a0.35b 
b3- NS2 a0.85a a0.42b 
a2 - Tomuri 
b1- control (unfertilized) a0.68a a0.42b 
b2 - NS1 a0.52a a0.43a 
b3 - NS2 a0.72a a0.45b 
          a3 – hybrid AD-20 
b1- control (unfertilized) a0.73a a0.47b 
b2 - NS1 a0.65a a0.34b 
b3 - NS2 a0.72a a0.41b 
                             DL 5%                       DL1%                      DL0.1% 
BxAxC                 0.28*                          0.39                          0.55 
CxAxB                 0.24*                          0.34                          0.46 
*Interpretation of the results were made according to DL 5% 
 
c) Potassium accumulation 
The influence of fertilization and of cultivar/hybrid grown on the same substrate on the potassium 
accumulation in kiwi leaves is not significant with the exception of Tomuri cultivar in the case of which appear 
significant differences for fertilization with nutritive solution 2 (NS2) (Table 7). This led to inhibition of 
potassium absorption and a poor intensity of nutrition, the recorded value being of 2.15% K.  
The intensity of nutrition with potassium is maxim for Hayward cultivar (2.90% K) fertilized with nutritive solu-
tion 1 (NS1) grown on substrate 1 and with values of 2.89% K for variant fertilized with nutritive solution 2 (NS2). 
The variance analysis indicates significant differences for potassium accumulation that are given by the 
substrate in the case of Tomuri cultivar, with superior values for substrate 2 (2.80% K). Concerning potassium 
accumulation, nutritive solution 2 (NS2) presents a negative effect on the potassium nutrition for plants grown on 
substrate 1. 
Some studies (Chauhan et al., 2010; Jastas et al., 1997) present potassium content in kiwi leaves slightly lower 
(2.21% K, 1.30-2.20% K, respectively) than concentrations found during this research. In return, three years 
monitoring of potassium accumulation in kiwi leaves revealed concentrations of 1.95-3.29 % K (Cresswell, 
1989). 
Table 7. The influence of cultivar/hybrid, fertilization system and substrate on potassium accumulation in kiwi leaves 
K, % 
C-substrate                                          
B-fertilization 
c1- substrate 1 c2- substrate 2 
a1 - Hayward 
b1- control (unfertilized) a2.80a a2.65a 
b2-NS1 a2.90a a2.60a 
b3- NS2 a2.30a a2.80a 
a2 - Tomuri 
b1- control (unfertilized) a2.80a a2.75a 
b2 - NS1 a2.45a a2.60a 
b3 - NS2 b2.15b a2.80a 
          a3 – hybrid AD-20 
b1- control (unfertilized) a2.25a a2.60a 
b2 - NS1 a2.40a a2.75a 
b3 - NS2 a2.30a a2.55a 
                            DL 5%                       DL1%                      DL0,1% 
BxAxC                 0.63*                          0.88                          1.23 
CxAxB                 0.55*                          0.76                          1.04 
*Interpretation of the results were made accordingto DL 5% 
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4. Conclusions 
The research carried out at UASVM greenhouse with the aim to investigate the effects of fertilization with 
nutrient solutions on mineral nutrition of Actinidia Deliciosa allowed us to draw the conclusions that are 
presented below. 
1. Mineral nutrition with N indicates that substrate 1 (50% manure + 20% peat + 20% fallow soil + 10% sand) 
is superior to substrate 2 (40% manure + 50% fallow soil + 10 % sand), the difference being due to the presence 
of peat. Regarding nitrogen accumulation, Hayward cultivar is not influenced by fertilization, for the control 
variant being found the highest values of nitrogen in analyzed leaves. For Tomuri cultivar and AD-20 hybrid, the 
intensity of nitrogen nutrition is maxim when NS2, respective NS1 solutions are applied. 
2. The phosphorus nutrition is influenced by the substrate which has the role to release the phosphate ion in 
available forms for plant absorption. The results indicate that substrate 1 is proper to kiwi culture. The 
cultivar/hybrid and also the fertilization (as NS1, NS2) does not influence the phosphorus accumulation. 
3. The potassium nutrition is influenced by the substrate. The experimented fertilization system influences the 
potassium accumulation only for Tomuri cultivar. The fertilization effect produces the best response at Hayward 
cultivar but not significant on the same substrate. 
4. The obtained results regarding N, P, K accumulation in kiwi leaves recommend the cultivation of Hayward 
cultivar on substrate based on 50% manure + 20% peat + 20% fallow soil + 10% sand, this system offering the 
best release of available forms of nutritive elements for plants, with not significant differences given by the 
fertilization system, excepting N accumulation. 
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